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switch and resonator structures allows the manufacture 
of very compact filter and resonator structures needed 
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Description 

[0001] The invention relates to resonator structures ot radio communication apparatus. 

[0002] The development of mobile telecommunications continues towards ever smaller and increasingly complicated 
handheld units. The development has recently lead to new requirements for handheld units, namely that the units 
should support several different standards and telecommunications systems. Supporting several different systems 
requires several sets of filters and other RF components in the RF parts of the handheld units. Despite this complexity, 
the size of a handheld unit should not increase as a result of such a wide support. 

[0003] The RF filters used in prior art mobile phones are usually discrete surface acoustic wave (SAW) or ceramic 
filters. This approach has been adequate for single standard phones, but does not allow support of several telecom- 
munications systems without increasing the size of a mobile phone. 

[0004] Surface acoustic wave (SAW) resonators typically have a structure similar to that shown in Figure 1 Surface 
acoustic resonators utilize surface acoustic vibration modes of a solid surface, in which modes the vibration is confined 
to the surface of the solid, decaying quickly away from the surface. A SAW resonator typically comprises a piezoelectric 
layer 1 00, and two electrodes 1 22, 1 24. various resonator structures such as filters are produced with SAW resonators 
A SAW resonator has the advantage of having a very small size, but unfortunately cannot withstand high power levels 
[0005] It is known to construct thin film bulk acoustic wave (BAW) resonators on semiconductor wafers such as 
silicon (Si) or gallium arsenide (GaAs) wafers. For example, in an article entitled "Acoustic Bulk Wave Composite 
Resonators", Applied Physics Letters, Vol. 38, No. 3, pp. 125-127, Feb. 1, 1981, by K.M. Lakin and J.S. Wang an 
acoustic bulk wave resonator is disclosed which comprises a thin film piezoelectric layers of zinc oxide (ZnO) sputtered 
over a thin membrane of silicon (Si). Further, in an article entitled "An Air-Gap Type Piezoelectric Composite Thin Film 
Resonator", 15 Proc. 39th Annual Symp. Freq. Control, pp. 361-366, 1985, by Hiroaki Satoh, Yasuo Ebata, Hitoshi 
Suzuki, and Choji Narahara, a bulk acoustic wave resonator having a bridge structure is disclosed. 
[0006] Figure 2 shows one example of a bulk acoustic wave resonator having a bridge structure The structure 
comprises a membrane 130 deposited on a substrate 200. The resonator further comprises a bottom electrode 110 
on the membrane, a piezoelectric layer 100, and a top electrode 120. A gap 210 is created between the membrane 
and the substrate by etching away a sacrificial layer. The gap serves as an acoustic isolator, essentially isolating the 
vibrating resonator structure from the substrate. 

[0007] Bulk acoustic wave resonators are not yet in widespread use, partly due to the reason that feasible ways of 
combining such resonators with other circuitry have not been presented. However, BAW resonators have some ad- 
vantages as compared to SAW resonators. For example, BAW structures have a better tolerance of high power levels 
[0008] Micromechanical devices are also presently under development. A micromechanical device is created typi- 
cally on silicon substrates using deposition, patterning and etching techniques to create the desired structure As an 
example, figure 3 illustrates the structure of a micromechanical switch. A micromechanical switch comprises a canti- 
lever 400, contact pads 430 on the substrate 200 and a contacting bar 440 for creating a contact between the contact 
pads 430, and two electrodes 410, 420. The cantilever electrode 410 is formed on the cantilever and the substrate 
electrode 420 on the substrate. The contacting bar is formed at one end of the cantilever, and the other end of the 
cantilever is fixed to the substrate, preferably with a support 405 in order to raise the cantilever away from the substrate 
surface. The micromechanical switch is operated with a DC voltage coupled between the cantilever and substrate 
electrodes. The DC voltage creates an electrostatic force between the cantilever and substrate electrodes of the switch 
The electrostatic force bends the cantilever, bringing the contacting bar into contact with the substrate contact pads 
430. Various other micromechanical structures are disclosed in an article entitled "Ferroelectric Thin Films in Microe- 
lectromechanical Systems Applications", MRS Bulletin, July 1996, pp. 59 - 65, by D.L Polla and L F Francis and 
references contained therein. 

[0009] The resonator structure according to the invention is characterised by that, which is specified in the charac- 
terising part of the independent claim directed to a resonator structure. The mobile communication means according 
to the invention is characterised by that, which is specified in the characterising part of the independent claim directed 
to a mobile communication means. The dependent claims describe further advantageous embodiments of the invention 
[0010] Thus the invention provides switched resonator structures, in particular such structures having a very small 
size. The invention results in a decrease in the size of filter structures required for multi-system mobile communication 
means. This is achieved by combining the resonator elements and the switch elements in the same structure 
[001 1] According to the invention, a micromechanical switch and a resonator are realized in a single combined struc- 
ture. The combination of switch and resonator structures allows the manufacture of very compact filter and resonator 
structures needed for multi-system mobile communication means. 

[0012] The invention will now be described, by way of example only, in more detail in the following with reference to 
the accompanying drawings, of which 
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illustrates a surface acoustic resonator according to prior art, 
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Figure 2 illustrates a bulk acoustic wave resonator according to prior art, 

Figure 3 illustrates a micromechanical switch structure according to prior art, 

Figure 4 shows a sectional view of a bulk acoustic wave resonator having a bridge structure, 

Figure 5 shows a top view of the structure in Figure 4, 

Figure 6 shows another bulk acoustic wave resonator structure having a bridge structure, 

Figure 7 illustrates a bulk acoustic wave resonator having a via-hole structure, 

Figure 8 illustrates a bulk acoustic wave resonator isolated from the substrate by an acoustic 

mirror structure, 

Figure 9 illustrates a bulk acoustic wave resonator having a stacked structure, 

Figure 1 0 illustrates a combined switch and resonator structure according to an advantageous 

embodiment of the invention, where the piezoelectric layer is the bending element, . 

Figure 11 illustrates the structure of Figure 10 in the ON state, 

Figure 1 2 illustrates another combined switch and resonator structure according to an advanta- 

geous embodiment of the invention, 

Figure 1 3 illustrates a combined switch and resonator structure according to an advantageous 

embodiment of the invention, where the resonating element is fixed to the rest of the 
structure at one end only, 

30 Figure 14 illustrates a combined switch and resonator structure according to an advantageous 

embodiment of the invention, where a supporting layer is the bending element, 

Figure 15 illustrates a combined switch and resonator structure according to an advantageous 

embodiment of the invention, where a cantilever element is the bending element, 

35 

Figure 16 illustrates an embodiment of the invention having a double switch structure, 

Figure 17 illustrates a filter bank structure using resonator and switch structures according to 

the invention, 

40 

Figure 18 illustrates another filter bank structure using resonator and switch structures according 

to the invention, 

Figure 1 9a, 1 9b, and 1 9c illustrate various fitter structures obtainable with various advantageous embodiments 
45 of the invention, 

Figure 20 illustrates the use of combined bulk acoustic, wave resonator and switch structures 

according to the invention in oscillators, and 

so Figure 2 1 illustrates the use of switched resonator banks in a mobile communication means 

according to the invention. 

[0013] Same reference numerals are used for similar entities in the figures. 

[0014] In the following, certain types of BAW resonators are first described, which BAW resonators are advanta- 
55 geously used in structures according to the invention. 

[0015] Bulk acoustic wave resonators are typically fabricated on silicon (Si), gallium arsenide (GaAs), glass, or ce- 
ramic substrates. One further ceramic substrate type used is alumina. The BAW devices are typically manufactured 
using various thin film manufacturing techniques, such as for example sputtering, vacuum evaporation or chemical 
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vapour deposition. BAW devices utilize a piezoelectric thin film layer for generating the acoustic bulk waves Tha 
resonance frequencies o, typical BAW devices range from 0.5 Ghz L 5 Ghz, depending on" e and ZLlof 
he dev,ce. BAW resonators exhibit the typical series and parallel resonances of crystal resonators Th^^» n ?l 

s xr::z d .tr ned main,y by the materiai ° f *• resona, ° r - »• 

« [0016] A typical BAW resonator consists of three basic elements: resonator 

- an acoustically active piezoelectric layer, 

- electrodes on opposite sides of the piezoelectric layer, and 

- acoustical isolation from the substrate 

w 

fSedTs T^Tl^TZ^ te , eX T P '!' Zn °' AIN ' ** ° r any ° ,her Electric material that can be 
For « e ? bT o ' nd PM7 r \rT e> fefroelec,ric ceramics can ba * 'he piezoelectric material, 
can be used Pb < Zr * T, i-x)°3 and other members of the so-called lead lanthanum zirconate titanate family 

' 5 i™ f^ 8 ' 8 "* lh T e ma,erial used 10 form electrode layers is an electrically conductive material havino a hiah 
acoustic .mpedance. The electrodes may be comprised of for example any suitable metal suctas tunSn m 

taZ n S ( copper (CU) ' moVbdenum (Mo) - nickel (Ni) - ,rtanium ™ niob ^ m (Nb) - si,ver ™!£ SKIS 

^ [0019] The acoustical isolation can be produced with for example the following techniques: 

- with a substrate via-hole, 

with a micromechanical bridge structure, or 
with an acoustic mirror structure. 

" sZ2 Z tuSas "wT^ * *~ *"* *~ *"> ^ ^ °> **** *° •««-» - 

[ ?° 201 .u ln J he Vi8 " h0le 8nd bridge s,ructures . »» acoustically reflecting surfaces are the air interfaces below anri 
above the devces. The bridge structure is typicalfy manufactured using a sacrificial layer wSich i ISSST to 
P rod ^'™-standing^ 

To 6 , D S Stfa,e d ° eS n0t ne6d 10 be modified ve( V much ' as in th * via-hole structure substratema *nals, 
2 fl„ »f h 9 f f uc / ures L can be rea,ized - *» sample, using an etch pit structure. Figures 4 and 5 illustrate a BAW 
wrth an etch pit structure. Figures 4 and 5 show the substrate 200, a membrane layer 1 30 the bottom eSi 11 0 

5 s'how;" » eC,rK ^ I 00 ' ^ <he tOP el6C,,0de 120 Figure 4 P fese "* a sectionaLw of' th wSiZ 

- deSn rr^rSe'c s? pit s,ruc,ure ' ,he e,ch pit 210 is e,ched — ,he baw — r 

Ew 1 , F l 9Ufe 6 il,US,ra,eS an ° ,her ^ ° f P roducin 9 a bridge structure. Before the deposition of other layers of the 
*Z* TZ 3 SaCnfiCial la/er 1 35 iS dep0Sited and P attemed nrst - The ™« of the BAW structlTdS?^ 
STILE IZ V ^ 1 * A,,sr tba - * BAW structure is completed, the siSte^ 

- z^^oK^^r -- 200 ' a membrane ,ayer 13 °' » e bo,,om L 

Slavic m S a a vb! iC n^ ay9r J S Pre,erablV realiZ6d USin9 8 meta ' ° f 3 P °* mer as the ™ M ^ sample, the sac- 
w7h h I V , P d USm9 ooppK (Cu) as the ma,eriaL The P 0| y m ^ is preferably such a polymer which can 
wrthstand the relatively high temperatures, that can be reached during the deposilion of the other S^ ThT^fZ 

PhSnylene •»««««*). P°'V (Para phenylene benzobismida ole^ 

.~rl "» - - aS - - <*» However, 

" 1™^" V,a ' h0 ' e S,rUCtUre ' ,he reS ° nat0r iS acous,ical| y ^o'ated from the substrate by etching away the substrate 
from under a major port.on of the BAW resonator structure. Figure 7 illustrates a via-hole structure of a BAW resonato^ 
F.gure 7 shows the substrate 200, a membrane tayer 1 30, the bottom electrode 110, the pSectrJ layS and 

hi ^ ° A Via " h0 ' e 211 b6en 6tChed ,hr ° U9h the sub8trate - Due EE^XI2 vb 

hole structures are commonly realized only with Si or GaAs substrates 

• [0026] A further way to isolate a BAW resonator from the substrate is by using an acoustical mirror structure The 
acous tica m.rror structure performs the iso.ation by reflecting the acoustic wave back to heTesoSr I ^u ct re In 
acoustical m.rror typically comprise several layers having a thickness of one quarter wavelength ZSSenJ 
alternating layers having differing acoustical impedance, The number of layers in an ecJS^^Z^t 
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typically ranging from three to nine. The ratio of acoustic impedance of two consecutive layers should be large in order 
to present as low acoustic impedance as possible to the BAW resonator, instead of the relatively high impedance of 
the substrate material. The material of the high impedance layers can be for example gold (Au), molybdenum (Mo), or 
tungsten (W), and the material of the low impedance layers can be for example silicon (Si), polysilicon (poly-Si), silicon 
dioxide (Si0 2 ), aluminum (Al), or a polymer. Since in structures utilizing an acoustical mirror structure, the resonator 
is isolated from the substrate and the substrate is not modified very much, a wide variety of materials can be used as 
a substrate. 

[0027] The polymer layer may be comprised of any polymer material having a low loss characteristic and a low 
acoustic impedance. Preferably, the polymer material is such that it can withstand temperatures of at least 350° C, 
since relatively high temperatures may be achieved during deposition of other layers of the acoustical mirror structure 
and other structures. The polymer layer may be comprised of, by example, polyimide, cyclotene, a carbon-based 
material, a silicon-based material or any other suitable material. 

[0028] Figure 8 shows an example of a BAW resonator on top of an acoustical mirror structure. Figure 8 shows the 
substrate 200, the bottom electrode 110, the piezoelectric layer 100, and the top electrode 120. The acoustical mirror 
structure 150 comprises in this example three layers 150a, 150a, 150b. Two of the layers 150a are formed of a first 
material, and the third layer 150b in between the two layers is formed from a second material. The first and second 
materials have different acoustical impedances as described previously. The order of the materials can be different in 
different embodiments of the invention. In some embodiments of the invention, the material with a high acoustical 
impedance can be in the middle and the material with a low acoustical impedance can be on both sides of the middle 
material. In other embodiments of the invention, the order can be opposite. The bottom electrode may in some em- 
bodiments of the invention function as one layer of the acoustical mirror. 

[0029] Figure 9 shows a further BAW resonator structure which may be used in an advantageous embodiment of 
the invention. Figure 9 shows a stacked resonator structure having two piezoelectric layers 100. In addition to the 
bottom 1 1 0 and top 1 20 electrodes, a stacked structure requires a middle electrode 115, which is connected to ground 
potential. Figure 9 further shows the membrane layer 1 30, the substrate 200 and the etch pit 21 0 isolating the structure 
from the substrate. 

[0030] Figure 10 shows a sectional view of an advantageous embodiment of the invention in the OFF state, and 
Figure 11 the same structure in ON state. This embodiment comprises a layer of piezoelectric material 100 forming a 
bridge structure, a first conductor 110 and a second conductor 120 for applying the DC control voltage and for feeding 
the RF signal to the piezoelectric layer 100, a contacting conductor 11 2, a substrate 200, and an acoustic mirror structure 
150a,150b for isolating the BAW structure 100,120,112,110 from the substrate 200. Figure 10 shows the resonator 
and switch structure in the OFF state. When a sufficiently high voltage is applied between the top 120 and bottom 110 
conductors, resulting electrostatic forces cause the piezoelectric layer to bend as shown in Figure 11. The bending of 
the piezoelectric layer 100 brings the contacting conductor 112 into contact with the bottom electrode 110 as shown 
in Figure 11. When the contacting conductor 112 is in contact with the bottom electrode 110, the structure is able to 
function as a resonator. 

[0031] Figures 1 0 and 1 1 as well as all other figures in this specification showing sectional views of various structures 
are intended for illustrative purposes only, and may have exaggerated dimensions in one or more directions. 
[0032] Figure 1 2 illustrates a further advantageous embodiment of the invention. In this embodiment, the switch and' 
resonator structure 100,110,112,120 is acoustically isolated from the substrate 200 by a bridge structure formed by a 
membrane layer 130 instead of an acoustical mirror structure 150a,150b. The switch and resonator structure 
100,110,112,120 of the embodiment of Figure 12 functions in the same way as the embodiment of Figures 10 and 11 , 
wherefore the functional description is not repeated here. 

[0033] Figure 1 3 illustrates a further advantageous embodiment of the invention, where the piezoelectic layer forms 
a cantilever structure instead of a bridge structure as shown in Figures 10, 11, and 12. One end of the cantilever 100 
is fixed to the other layers, and the other end is free to move. The resonator and switch structure is shown in the OFF 
state in Figure 13. When a sufficiently high voltage is applied between the top 120 and bottom 110 conductors, resulting 
electrostatic forces cause the piezoelectric layer to bend bringing the contacting conductor 112 into contact with the 
bottom electrode 110. When the contacting conductor 112 is in contact with the bottom electrode 110, the structure is 
able to function as a resonator. Figure 13 further shows an acoustical isolation structure 150a,150b which isolates the 
resonator and switch structure 100,110,112,120 acoustically from the substrate 200. 

[0034] Figure 14 shows a further advantageous embodiment of the invention, in which some other layer than the 
piezoelectric layer 100 is arranged to bend. The piezoelectric layer is deposited on a support layer 130, which in turn 
is supported by support structures 102. The resonator and switch structure is shown in the OFF state in Figure 14. 
When a sufficiently high voltage is applied between the top 120 and bottom 110 conductors, resulting electrostatic 
forces cause the membrane layer 130 to bend bringing the contacting conductor 112 into contact with the bottom 
electrode 110. When the contacting conductor 112 is in contact with the bottom electrode 110, the structure is able to 
function as a resonator. Figure 13furthershowsan acoustical isolation structure 150a,1 50b which isolates the resonator 
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.ures 1 02 and X support la^eM J^SC' ■ mta *™ * ™^ *° ^ 

s U,2 ooniZZZZvlToZ^Zlt ^ ^ h3Vin9 9 S ' rUC,Ure reSembli "9 ■* shown in Figure 

such an ernJ^^o'ZeTneZZt! 2^? h 9 f W "?* ^ 10 °" 

electrode layer 120. P ° S ' ,ed be,Ween ^ conta cting conductor 112 and the top 

En l^o^sTrSre ^ZS' *" t reS ° na, ° r e ' ement *" - ™» Whe " acluati "9 *. switch 
» structure, such ^^T^^^V^^T^ T? * Ml 
embodiment of Figure 15 comorises a Di ™ l 5 „ e ° SXample of such an embodiment. The 

acoustic mirror etruc ure iS 150b FioureT^ 2 " k °° ^ '° P 12 ° 8nd b ° tt0m 110 elec,rodes °" to P - an 
and a switch canti leve 140^ Th fLSZ^^L^ 3 Can,ileVer 8U PP° rt 145 

high voKage is applied between ^^To l^ UT^ a k COn,ac,in 9 condtJCt0 ' 122. When a sufficient* 
» 'orcescau^theLileveM^oben^ ^ ' h6 bottan eleCtf0de 110 ' resultin 9 Prostatic 

When the contacting conductor 122 h Z,» . 9 C ° ndUC, ° r 122 int ° COn,act with the t0 P Strode 120. 

resonator. 9 " COn,aC, W ' ,h ,he top elec,rode 120 ' »• structure is able to function as a 

* sw«ch element is no, ^^ZSSSSSl TsZltT^ T* !° *" "** e ' ement ' Wh6re,ore the 
When a voltage is applied to th ^ switehTemem V bend ,£ , T " f ° ,0 ,UnC,i ° n ^ Le - is in the ON state - 
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S3 p5To X EttttSSE^ ot ^ e invention - in wh?ch the struct - 

the bottom e lectrode conductors in thTorTstete and n T* t * ^ 9 ' ement ""^ both ,he top and 
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to bend away from the substrate to contact a conductor carried by a bridge structure above the BAW resonator. 
[0043] As the previous examples show, the implementation of various features of a structure according to the inven- 
tion can be varied in many ways. For example, the resonator can be fixed to the rest of the structure from one or more 
locations. The bending element may be the resonator itself, a member carrying the resonator, or a separate cantilever, 
s and the bending may proceed in many different directions. Further, the structure may realize one or more switches. 
[0044] For clarity, any passivation layers commonly needed for manufacturing microelectronic and micromechanical 
structures are not drawn in the figures of this specification. 

[0045] In such an embodiment, in which the substrate is made of silicon (Si), gallium arsenide (GaAs) or some other 
material suitable for use as a substrate for integrated circuits, also other elements such as transistors can be realized 

10 on the same substrate. For example, other circuits such as amplifiers can be integrated on the same substrate, which 
allows integration of nearly all RF components of a mobile communication means on a single substrate. 
[0046] The resonator and switch structures according to the invention can be used, for example, to realize switched 
filter banks. One possible application of a switched filter bank according to the invention is shown in figure 17. The 
embodiment of figure 17 can be used for example in filtering of a narrow part of a transmission or a receiving band. 

J5 The filter bank comprises several passband filters having relatively narrow passbands, whereby a portion of a band 
can be selected for operation by switching the filter with the desired center frequency into use. The passband filters 
are realized using a resonator and switch structure 10 according to the invention. The switches of the resonator and 
switch structures 1 0 are used to select which filter is used. Since the passbands of adjacent filters overlap each other 
to some extent, it is very difficult to match the filters at the second filter port if all the other filters, i.e. unused filters, are 

20 connected to the other port causing loading of the second port. The unused filters would present a frequency dependent 
reactance, which is seen as shunt reactance at the second port. This problem can be solved by using a second switch 
14 to each filter, as is shown in figure 17. In such applications, where the passbands of the filters are relatively far 
apart, the switches at the second ports, i.e. output ports of the filters, may not be needed. In a further advantageous 
embodiment of the invention, structures incorporating a BAW element and a double switch structure may be used in 

25 a switched filter bank, eliminating the need for a separate switch 14 for each filter element. Such structures having a 
double switch structure may for example be realized according to the embodiment of the invention described in con- 
junction with Figure 16. 

[0047] The filter bank structure of figure 17 can be used to limit the noise and disturbing signals which the receiver 
receives from a single receiving band. At the transmission side, such a filter bank can clean up noise generated by the 
30 transmission circuitry outside the desired transmission frequencies. 

[0048] A filter bank can comprise one or more filters in various embodiments of the invention. Figure 17 shows an 
example only. For clarity, the DC signal lines for applying the control voltages to the combined switch and filter structures 
10 are not shown in Figure 17. 

[0049] In an another advantageous embodiment of the invention, a filter bank can be used to select between different 
35 operating bands, for example in a mobile communication means, which is arranged to communicate with more than 
one networks having differing operating bands. Figure 18 shows a structure according to such an embodiment. The 
structure of Figure 18 comprises two switch and filter structures 10. In figure 18, switches are used only at the input 
port of the filters. In this example, the passbands of the two filters are sufficiently far apart, that the shunt reactance - 
presented to the output port of the filter in use does not affect the passband of the filter in use too much. The switches 
40 at the input port of the filters are used to select the desired filter. The arrangement shown in figure 18 can be used in • 
a receiver structure as well as in a transmitter structure. For clarity, the DC signal lines for applying the control voltages 
to the combined switch and filter structures 10 are not shown in Figure 18. 

[0050] Filters that utilize bulk acoustic wave resonators can comprise more than one resonator. Figures 1 9a, 1 9b, 
and 1 9c show various filter structures having switches at both filter ports, which filter structures can be used in various 

45 embodiments of the invention. Figure 1 9a shows an example of a resonator and switch structure, which comprises in 
addition to combined resonator and switch structures, also conventional BAW resonators having a single piezoelectric 
layer. Using several resonators in a ladder topology as shown in Figure 19a provides in most cases better filtering 
properties than using a single resonator only. Figure 1 9b shows a filter structure constructed with stacked bulk acoustic 
wave resonators 1 2' and combined resonator and switch structures 1 0 having a stacked resonator structure. The filter 

so comprises series coupled resonators 12' with shunt inductors 307 between the resonators. Figure 19c shows a filter 
structure adapted for narrow bandwidth operation. The structure is otherwise similar to the structure of Figure 19b, but 
instead of shunt inductors, shunt capacitors 308 are used. The structures of Figures 19a, 19b, and 19c can be used, 
for example, in switched filter bank structures such as those shown in Figures 17 and 18. For clarity, the DC signal 
lines for applying the control voltages to the combined switch and filter structures 10 are not shown in Figures 19a, 

55 19b, and 19c. 

[0051] Figure 20 shows a further advantageous embodiment of the invention. Figure 20 illustrates an oscillator circuit 
of the well known Colpitts type. A bulk acoustic wave resonator and switch bank comprising switch and bulk acoustic 
wave resonator structures 10 is used for providing several operation frequencies for the oscillator circuit. The desired 
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operating frequency is selected by selecting the corresponding resonator with one of the switches This kind of an 
oeallator structure can advantageously be used, for example, in a mufti-band mobile communication means For clarity 
signal lines which control the posrtion of switches are not drawn in Figure 20. Resonator and switch structures according 
to the mention can be used also in many other oscillator structures, and Figure 20 is shown as an example only. Since 
a Colpitis oscillator is well known by the man skilled in the art, the functioning and the structure of the oscillator in 
Figure 20 is not described here in further detail. For clarity, the DC signal lines for applying the control voltages to the 
combined switch and filter structures 10 are not shown in Figure 20 

ES .'"/I 9 "' 9 213 bl0 ° k dia9ram ° f 3 m0bile comm unication means according to a further advantageous em- 
k T£T! S !?° Wn The reC6iVer Part °' the mobi,e communication means comprises a first rece^er 
witched filter bank 302a for filtering the receded signal, a receiver amplifier 605 for amplifying the received signal a 

£Tj° eNe n T I ?" bank ^ ,0r fUrth6r " lterin9 ° f ,he received si 9" al ' a WO 'or converting the 
receded signal to baseband, a receiver block 630 for demodulating and decoding the signal and an earpiece 650 or 

t Jn^T hT S P , Cin9 aUdib,S rSCeiVed Si9naL The ,ransmi,ter P art com P rises a mbrophone 656. a 
r^°f ^ " 9 ' he Si9nal ,0 be transmWed ™« P^orming other necessary signal processing a 
modulator 61 5 for producing the modulated radio frequency signal, a first transmitter switched filter bank 302d, a trans- 
mitter amplifier 606. and a second transmitter switched fitter bank 302c. The mobile communication means further 

SSconfr^ TZ f 01 ^ bbCk 62 °' 3 COn,r0 ' b,0Ck 64 °' 3 diSP ' ay 652 and 3 tev P ad 654 ' The ™™ 

block 640 controls the functioning of the receiver and transmitter blocks and the oscillator block, as well as displays 

formation to the user via the display 652 and receives commands from the user via the keypad 654 The switched 

T b i 3 ° 2C L and 3 ° 2d haVe ' ,0r 6Xample - the S,rUC,ure show " in ^ 'he structure shown 
L SZlf "^.h . 6 K Ch i S 8 combina,ion °' the st ™tures in Figures 17 and 18. depending on the width and 

I^kTh r > J V^o 9 6andS * the m0bi ' e communica «on means. Other structures can also be used for the 
32 h T, I nkS 3 ° 2a ' 3 ° 2b ' ^ and 302d ' The rece ^ er swttched fiter banks 302b are used to limit he 

Z «^ h h r? n K S, T a on WhiCh ,h9 reC6iVer rSCeiV8S fr0m a receivin9 band At the transmission side, the transmis- 
sion switched filter banks 302c, 302d can clean up noise generated by the transmission circuitry outside the desired 
transmission frequences. The oscillator block 620 may comprise an oscillator with a switched resonator bank for 
example such as shown in Figure 20. The oscillator block 620 may further comprise a switched filter block for removing 
unwanted noise from the output of the oscillator circuit. removing 

K2 J" ,Urth9r ad r a "? 980U8 embodiments of the invention, combined resonator and switch structures are used 
in other types of small radio transmitter and/or receiver structures, where a small size of the components of the device 

11Sf«°Lr Xa T P i ' C ° mbined re$0na, ° r and SWitCh Struc,ures can advantageously be used in in-building base 
stations of cordless telecommunications systems, such as cellular telecommunications systems or other types of cord- 

TTT ■ C ° mbined reS ° nat0r and SWi,Ch S,mC,UreS 030 adva r*ageously be used for example 

nATt? f 'T ^ Un,tS P ° rtab,e com P u,ers - Personal digital assistants, and remote controlled devices 
EES A ° COrdlng to a ,urth er advantageous embodiment of the invention, the substrate on which the resonator and 
swrtching means are deposited is used as a substrate, on which other components are attached. For example the 
substrate may provide wiring connections for other components, which wiring connections are realized as electrically 
^thS«r?T °" ? bStral9 SUrfaCe - Com P° n ente such as integrated circuits can subsequently be bonded 
Z^lr, til F °r example, unpackaged integrated circuits can be bonded directly on the substrate using flip^hip 
bonding technique. Such an embodiment is especially advantageous, when glass is used as the substrate material 

2E££T C °fl ° f 91383 SUbS,rat6S a "° W r6la,iVely ter9e SUbS,ra,8S to be P roduced - "hereby such substrates can 
accommodate other components in addition to the deposited resonator and switch structures 

[0056] Resonator and switch structures according to the invention are advantageously used at frequencies rouqhlv 
at or higher than 400 MHz, i.e. at frequencies where BAW resonators are feasible 

St,,,!! 19 ' nVenti r Pr ° VideS C ° mbined reSOnal ° r and SWi,ch structures, which are economical to produce, since 

2 ?! an bS Pr0dUCed 3 Sin9 ' e ,abfiCa,i0n prOCess - The '"vention further altows the production o com 

fnl mnrnTlf ^ haVi " 9 * V6ry sma " size ' which is a substantial advantage in construct- 

ing multi-system mobile communication means. 

S View * ,h f ,ore 9° in 9 description it will be evident to a person skilled in the art that various modifications 
2 if » T ,T m SC ° Pe °' * he inVen ' i0n WhHe a preferred embodiment of the invention has been described in 

.£ fh IIh , aPParem 1 many modifica,ions a "d variations thereto are possible, all of which fall within the true 

spirrt and scope of the invention. 



Claims 



1. A resonator structure comprising a resonator having a piezoelectric layer, characterised in that 
the resonator structure comprises 
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a first conductor and a second conductor for conducting a control vottage, 

at least one of said first and second conductors being in contact with said piezoelectric layer for forming an 
electrode of the resonator, and 

a bending element for performing the switching function as a response to a control voltage applied to said first 
and second conductors. 

A resonator structure according to Claim 1 , characterised in that 
the piezoelectric layer is said bending element. 

A resonator structure according to Claim 1 , characterised in that 

the structure comprises a supporting layer for supporting said piezoelectric layer, said supporting layer being said 
bending element. 

A resonator structure according to Claim 1 , characterised in that 

the resonator structure comprises a cantilever element said cantilever element being said bending element. 

- 

A resonator structure according to Claim 1 , characterised in that 
said resonator is a bulk acoustic wave resonator 

A resonator structure according to Claim 1 , characterised in that 
the resonator structure comprises at least one filter. 

Mobile communication means, characterised in that 

the mobile communication means comprises a resonator structure, which resonator structure comprises 

a first conductor and a second conductor for conducting a switch function control voltage, 

at least one of said first and second conductors being in contact with said piezoelectric layer for forming an 

electrode of the resonator, 

a bending element for performing the switching function as a response to a control voltage applied to said first 
and second conductors. 
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